Flow Injection Analysis (FIA) 
Introduction
Automatic methods of analysis have become well established, and automated analysers, either commercial, or constructed in-house, have become common features in most analytical laboratories. In clinical laboratories the advent of automated analysers has eased the considerable bottleneck caused by increased efforts in health care; and in process control, automated analysers, both on-line and off-line, have been used with considerable success: the former greatly modifying the work pattern in the laboratory and the latter greatly increasing the speed of response to system changes. Industrial laboratories have not had as much success as clinical laboratories in automation and this is generally considered to be because of the complexity of the sample matrix; and, it must also be said, to a resistance to change or to an inability to look at analytical problems in different ways.
There has so far been a notable resistance from universities and colleges to include any aspects of automation in their syllabuses. This, however, is changing with the introduction of FIA and the use of microcomputers.
FIA techniques are both inexpensive and 'easy to teach', and the latter represents the brave new world of electronics (rather cynically one might say it is the ability to repeat work with the addition of a microcomputer).
The continuing favouring of these techniques, without a clear understanding of the role of automation in the practical world of analytical chemistry, has tended to restrict rather than advance the progress, particularly for FIA (this situation will be discussed in full later).
Despite these problems, there is a well-established commercial market for automatic instrumentation. Over the last few years, technological progress, in terms of equipment design and increased ranges of applicability, has been exceptional. A systems designer, working in a large instrument company, in a small business concern, or in a laboratory, has a wide range of modules and resources available, so it is possible to configure a fully automated system which is well constructed and designed, and which will operate reliably for a long time. This latter point is of vital importance in terms of acceptability to the user. The introduction of FIA into this scenario has been restricted, in my view, because it has been presented by some of its advocates more as a toy than as a real analytical tool, which can cope with the needs of a routine analytical laboratory.
Automatic analysers must be justified in terms of increased efficiency of laboratory operations, increased capacity and throughput of samples, and, most importantly, in terms of cost effectiveness. This latter aspect is very complex but any automation under consideration must be scrutinized on economic grounds prior to acceptance. The principal concern of laboratory managers should be to ensure that the criteria for automation are met, and that the automation installed provides for effective control and management.
Automation, by its very nature, requires a fundamental change in the role of the analytical chemist. In a manual approach, the analyst controls the entire procedure, even if highly sophisticated instrumental measurement systems are being used. This Despite the impact of automation on laboratories, there is remarkably little in the way of texts on the subject.
However, a series ofjournals have been produced over the last few years, which cover some areas of laboratory automation [4, 5] . Automation Stockwell and Foreman [7] . 
Economic aspects of automation
The reasons for installing analysers to replace manual methods are many and varied, and priorities will be related to the nature of the organization of which the analytical laboratory is a part. Nevertheless, cost-effectiveness is a major motivation, and this can be assessed, both as an internal laboratory study or, in the industrial environment, for the company as a whole. In the latter case, automatic, analysis can improve efficiency by reducing, or eliminating, the need to store intermediates or the final product; and the financial advantage so gained is likely, in most circumstances, to far exceed the cost of automatic equipment. Where the economic case for automation must be made internally, which would be so for a consulting analytical laboratory, the true cost of manual and automatic analysis must be calculated to determine whether the additional output, or staff savings from automatic analysis, will outweigh the capital cost of the automatic equipment over a reasonable period. Because the requirements for automation are much influenced by the role of the laboratory in which it is to be applied, the specification of any requirement is best carried out in-house. To do this, suitably qualified and experienced staff must be available, and this places a limitation on the extent to which automation can be considered in some laboratories. In many industrial situations the problems are so specific that commercial manufacturers are reluctant to use development funds to solve them because it is unlikely that a product line with more than a few sales will result. Consequently, in-house solutions must be sought, or the requirements contracted out against an adequate specification. This is expensive and it is a major limitation in automated system design.
It is important to recognize the limitations of automatic instrumentation, but with such a wide range of techniques available and with recent developments in electronics and computing, almost any analytical requirement can be automated. The main problems to be overcome are related to a proper understanding of the chemistry involved and the provision of materials and devices that are inert to the chemicals used in, or generated by, the analytical procedure.
Recent developments in automatic analysis: chip technology
The various developments in the philosophies adopted to automated analysis have been previously reviewed by the author [19] . More [22] , and, more recently, the alternative system due to Ames has been critically reviewed by Clark and Broughton [23] . The chip concept has also been applied to FlA. Recently, Ruzicka [24] . Schematic diagram of the simple system designed to monitor the quality of commercial products [33] .
several excellent reviews and two monographs. 
